Children have higher lung function than adults and they spend most of their day time in schools. Also, children studying at schools located in the vicinity of busy roadways are vulnerable to childhood asthma and respiratory disorders. The present study is focused on estimating the sources of PM 2.5 particles present in the indoor air quality in schools which are located adjacent to urban and suburban roadways. The indoor PM 2.5 samples from all the four schools were collected using fine dust sampler from 8 a.m. to 4 p.m. The sampling was carried out for one complete week during various seasons including both working and non-working days. , Na + using Ion Chromatography (IC). Source apportionment study using Chemical Mass Balance was carried out using the species concentration of the collected samples. The major sources were found to be Paved Road Dust, Soil Dust, Gasoline Vehicle Emissions, Diesel Vehicle Emissions and Marine Source Emissions. Among these, vehicular emissions contribution was found to be higher for the schools located close to roadways rather than the school located at a considerable distance from highway. The difference in source type contribution at each school clearly depicts the difference in nature of location and type of activities in the vicinity of the sampling sites.
INTRODUCTION
In the most recent, studies on indoor air pollution finds greater importance as majority of the population spend most of their time in an indoor environment rather than outdoors. Numerous epidemiological studies reveal that prolonged exposure to PM 2.5 (particles with aerodynamic diameter < 2.5 µm) leads to lung cancer and cardio pulmonary mortality (Dockery et al., 1993; Pope et al., 2002; Jerrett et al., 2005) . In general, children are more susceptible than adults to air pollutants and its associated effects since children have a higher lung function than that of average adults (Daisey et al., 2003) . Moreover school children spend nearly 8 to 10 hours in a day at school indoors (Guo et al., 2010) . Even though school building lacks the primary indoor sources such as smoking, cooking, burning or any other anthropogenic activity (Rovelli et al., 2014) there is a greater chance for the outdoor pollutants present in the school neighbourhood to affect the indoor wellbeing. Hence there is a direct link for the outdoor pollutants to affect the quality of air present in indoors. Likewise former studies constantly specify that particulate matter (PM) prevailing in the outdoor environment contributes more than half of the particulate matter measured indoors (Fromme et al., 2008; Guo et al., 2010; Rivas et al., 2014) . The study area Mangalore is considered as an educational hub of southern India since students from all over India pursue various professional courses in and around the city adding to its cosmopolitan look and appeal. Also nearly 10% of the population comprises of school going children (Census Organization of India, 2011) leading to a greater threat of potential health hazards for the future generation. Hence, there is an urgent need for more precise data on the quality of air at schools, since the indoor air quality in schools were found to be a key determinant of health outcomes and it cannot be underestimated. Receptor modelling technique serves as a best tool to estimate the outdoor sources contributing to indoor air quality of the schools. Quite a few receptor models such as Principal Component Analysis (PCA), Enrichment Factors (EFs), Chemical Mass Balance (CMB), Positive Matrix Factorization (PMF) and Empirical Orthogonal Functions (EOF), Multiple Linear regression, Neural Networks, Edge Detection, Cluster Analysis, Fourier Transform time series and a number of other multivariate data analysis methods were used by various researchers, (Srivastava et al., 2008; Pipalatkar et al., 2014) for estimating the sources of air pollutants at any receptor location.
Among various receptor models, the Chemical Mass Balance (CMB) Model (Coulter, 2004) has been selected for source apportionment of PM 2.5 particles. This receptor model can predict the sources more efficiently even with single sample input values compared to other receptor models which usually require a larger sample size. Moreover, the model uses ambient physico-chemical speciation data together with uncertainty associated source profiles to quantify source contributions based on the principle of mass balance (Thurston and Lioy, 1987; Watson, 1994) . The source profiles (Sethi and Patil, 2008; Pipalatkar et al., 2014) developed in India were used for both elements and ions. Although, the source profiles for marine sources were obtained from US EPA SPECIATE 3.2 database for model interpretation. The present study is focused on indoor air quality monitoring in schools located in the vicinity of busy urban and sub-urban roads and to carry out source apportionment studies of heavy metals and ions to determine the sources contributing PM 2.5 using CMB receptor modeling technique.
MATERIALS AND METHODS

Study Area
Mangalore ( 
Sampling Sites
In the present study, four schools were selected ( Fig. 1 ), viz., Lady Hill Victoria Girls High School (LHV School) (Fig. 2) , BEM High School (BEM School) (Fig. 3) , NITK Kannada Medium School (KMS School) (Fig. 4) and NITK English Medium School (EMS School) (Fig. 5 ) among which Lady Hill Victoria Girls High School is located close to a busy urban roadway and a major junction with higher vehicular density, whereas BEM High school is located close to an unpaved urban roadway which was under construction and it's also bounded by busy commercial neighborhood encompassing various combustion activities. Correspondingly, NITK Kannada Medium School is located in a suburban area and it's situated close to a busy highway (NH 66) adjacent to a toll booth situated very close to the sampling site providing greater risk of vehicular emissions due to idling of vehicles and NITK English Medium School is located at a distance of around 100 meters from the highway.
Sampling of Particulate Matter
The PM 2.5 samples were collected on a PTFE filter paper using a fine dust sampler (Instrumex PM 2.5 Fine Dust Sampler, Model no. IPM-FDS-2.5µ/10µ). The sampling was carried out from 8 a.m. to 4 p.m. at a flow rate of 1 m 3 hr -1 in all the four schools. Samples were collected for one complete week for various seasons on both working and non-working days. Particle concentrations of PM 2.5 in the classrooms were monitored using a Dust Trak II aerosol monitor (Model No. 8530) . This instrument provides online data of the PM 2.5 particles prevailing in the indoor school environment and the obtained data were then transferred using the Trak Pro software. The obtained samples from fine dust sampler were then subjected for elemental and ion analysis.
Gravimetric Analysis
Filter papers used for sampling were desiccated at temperature 27 ± 3°C and RH 55 ± 2% for 24 hours before and after sampling to remove the moisture present in them. These filter papers were weighed using a micro balance (RADWAG MYA 5.3Y.F) having a precision of ± 5 µg with automatic (internal) calibration. PM 2.5 particle concentrations were obtained by estimating the difference in weight of filter papers before and after sampling. The laboratory blanks (n = 4) and field blanks (n = 4) were collected for carrying out the procedure of QA/QC (USEPA 1998).
SAMPLE ANALYSIS
Elemental Analysis
The exposed filters were cut into 2 equal halves and one part is used for elemental analysis. The half filter paper was divided into small fragments and digested (US-EPA, 1999a) using 5 mL of 69% HNO 3 and 15 mL of 36% HCl on a hot plate. One third of the solution was retained after digestion. The retained solution was filtered using a Whatman 41 filter paper and made up to 15 mL using deionized distilled water (Siemens Labostar, TWF water purification system (Type I, III) of resistivity 18MΩ-cm). The digested samples were transferred to a vial and refrigerated until further analysis. Trace Elements (Ba, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Sr, Ti, V and Zn) were estimated using Inductively Coupled Plasma Optical Emission Spectrometry (ICP OES) (Agilent 5100) following the USEPA Compendium method (US-EPA, 1999b). The blank filters (n = 4) were processed in the same procedure as samples and their concentration were found in the range of 0.008 to 0.608 ppm. The Limit of Detection (LOD) was calculated using the data obtained from the blank filters (n = 4). LOD values for Ba, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Sr, Ti, V and Zn are 3.09, 2.21, 1.74, 1.47, 27.39, 1.32, 2.77, 4.17, 2.12, 3.6, 1.09 and 5.7 ng m -3 respectively. The blank filters were spiked with known amount of elemental concentrations and analysed to estimate the recovery efficiencies which are found to be in the range 82 to 91% for all the elements.
Ions Analysis
The exposed filter papers were extracted and subjected to the ion analysis as per (CalEPA, 2002) standards. The filter papers were cut into small fragments and wetted with isopropanol marginally before extraction as the filters are hydrophobic. Further 25 mL of deionized distilled water was added to the filters and the beakers were placed in an ultrasonic bath. The baths were exposed to ultrasonic waves for 60 min at 60°C and the sonicated samples were kept overnight at room temperature. The samples were then filtered using nylon filter discs (25 mm, 0.45 µm) and were refrigerated until further analysis. , NH 4 + and Na + were found to be 0.12, 0. 40, 0.17, 0.20, 0.13, 0.24, 0.16, 0.14, 0.3, 0.19 ppm.
SOURCE APPORTIONMENT
In this study, source apportionment of PM 2.5 particles is carried out by using CMB Version 8. 
where C i is the indoor concentrations of the species i, measured at the receptor site, P is the number of sources that contribute, F ij is the fraction of the emissions of the species i starting from the source j, and S j is the ambient contribution of the source j.
SOURCE PROFILES
The source profiles for Indian cities have not been compiled enough; hence most of the source profiles for the obtained elements and ions required for this study were taken from some of the works carried out previously in India (Sethi and Patil, 2008; Pipalatkar et al., 2014) 
RESULTS AND DISCUSSION
The particle mass concentration of PM 2.5 samples are estimated with an annual average of 40.45, 44.67, 33.67 and 36.03 µg m -3 at LHV, BEM, KMS and EMS schools respectively (Tables 1, 2, 3 and 4). The obtained samples were analysed for elements and ions using ICPOES and Ion Chromatography. The analysis yielded 12 elements (Ba, Cd, Cr, Cu, Fe, Mn, Ni, Pb, Sr, Ti, V and Zn) (Fig. 6 (Fig. 7) with 5 anionic and 5 cationic compounds respectively. Source apportionment of these elemental and ionic compounds is discussed.
SOURCE APPORTIONMENT USING CMB 8.2
Sources Contributing to PM 2.5 Concentrations in Schools Located near Urban Roadways
The concentrations of the elements and ions obtained from the indoor air samples of urban schools viz. LHV and BEM subjected to receptor modelling using USEPA CMB8.2 to identify the sources that contribute the elements and ions in the samples. The LHV School has a considerably higher percentage mass of 119.6% with an R 2 of 0.96 and χ 2 value of 1.08. The PM 2.5 particles are contributed by five sources, (Fig. 8) . It is well evident that emissions from diesel vehicles contribute a higher percentage of PM 2.5 particles, since the receptor site is located very close to a busy urban roadway which encompasses diesel vehicles especially local buses and diesel cars. Whereas the CMB analysis for BEM School acquiesce well with sources with a percentage mass of 119.1% with a R 2 value of 0.96 and χ 2 value of 1.04 with 10 Degrees of Freedom. The sources contributing to the indoor environment of BEM School are Unpaved Road Dust (10.99%), Paved Road Dust (3.26%), Soil Dust (4.09%), Diesel Vehicle Emissions (80.52%) and Fuel oil Combustion (1.14%) (Fig. 9) . Due to the road construction work near the sampling site it is evident that there is a significant increase in contribution of unpaved road dust compared to paved road dust. Since it is a busy commercial street there is a slight amount of contribution of PM 2.5 particles from the small scale fabrication industries which uses fuel oil (engine oil or light diesel oil) for mechanical parts fabrication in the vicinity of the BEM School site. The diesel vehicle combustion plays a major rule in contributing the particulate matter in BEM High School as it is located in a busy commercial area with vehicular traffic leading to particle contribution higher than LHV School. 
Sources Contributing to PM 2.5 Concentrations in Schools Located near Sub-Urban Highways
The obtained concentration of elements and ions from the schools in sub urban area is also subjected to receptor modelling to estimate the source contributions of PM 2.5 particles in those schools. The KMS School which is located very close to the highway (NH 66) yielded a percentage mass of 106.3% with a R 2 value of 0.98 and χ 2 value of 0.81 with 8 Degrees of Freedom. The sources contributing to PM 2.5 particles in this school are Open Burning (2.34%) Paved Road Dust (20.78%), Soil Dust (2.30%), Gasoline Vehicle Emissions (2.61%) Diesel Vehicle Emissions (59.61%) and Marine Sources (12.36%) (Fig. 10) . The diesel vehicle contribution is lesser than the schools located at the urban areas since there is a greater chance of particles to drift away with the wind speed as the density of buildings in a suburban area is lesser as that of an urban area and also the idling time of the vehicles is lesser compared to urban areas. Also there is a considerable contribution from Marine Sources since the sampling site is located close to the shores of Arabian Sea. Likewise Paved Road Dust also plays a considerable role, since the resuspension will be higher than urban areas due to the movement of heavy vehicles at a higher rate in a highway compared to any urban roadway. Similarly, the receptor modelling applied for EMS School which is located 100 meters away from the NH66 obtained a percentage mass of 86.6% with a R 2 value of 0.93 and χ 2 value of 1.02 with 12 Degrees of Freedom. The major sources contributing to this sampling site are Paved Road Dust (3.15%), Soil Dust (55.2%), Gasoline Vehicle Emissions (19.36%) and Marine Sources (22.3%) (Fig. 11) . since the school is located close to a playground there is a higher amount of contribution from soil dust. The fall in Paved Road Dust emission is due to the fact that the resuspension is lower in the roads running through the campus. Similarly the contribution of PM 2.5 particles from Gasoline vehicle Emissions is found to be higher than the emissions from Diesel Vehicles, since the sampling site is located inside a university campus at a distance of 100 meters from the highway and the usage of Gasoline Vehicles is relatively higher than Diesel Vehicles. Hence, it is clearly evident that the indoor air quality of schools are deteriorated mainly due to vehicular emission and combustion activities, since the schools located close to the urban roadways and highways are highly affected by these activities compared to the school located at a considerable distance from these roadways.
CONCLUSIONS
The Influence of PM 2.5 particles in an indoor environment of schools located close to urban and suburban roadways was investigated. The concentration of PM 2.5 particles was monitored using Dust Trak Aerosol Monitor. PM 2.5 samples were collected using high volume samplers and the exposed filters were subjected to further analyse for their elemental and ionic composition. The obtained data was then used to apportion the sources contributing to the indoor environment of the schools by using a receptor modelling technique, Chemical Mass Balance (CMB). The modelling results indicate that the major sources in schools located near an urban roadway are Paved Road Dust, Soil Dust, Gasoline Vehicle Emissions, Diesel Vehicle Emissions and Marine Sources with a higher contribution of particles from Diesel Vehicle Emissions. Whereas the sources contributing to the schools located close to a sub urban highways are the same with marginal difference in the contribution of Diesel Vehicle Emissions due to less traffic congestion and less vehicular density in the sub-urban highways of Mangalore. However, the Marine Sources contribution is considerably higher in sub-urban compared to Urban schools as these schools are located close to the coastal region (Arabian Sea). Similarly the vehicular emissions are higher in the schools located near to any roadway than the school located 100 meters away from the roadway. This scenario clearly depicts that the indoor air quality of schools located near to any urban roadway or sub urban highway is highly affected by Source Contribution at EMS School its ambient air pollutants (particularly in the size range of PM 2.5 particles) compared to the schools located far from the roadways. Prolonged exposure of school children to these particles implanted with the heavy elements can be subtle and it is not easy to recognize the health impacts of these particles on to the wellbeing of school children.
